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No: Claims 

Inventive step (IS) Yes: Claims 

No: Claims 1-22 

Industrial applicability (IA) Yes: Claims 1 -22 

No: Claims 
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VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 

see separate sheet 
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Re: I 

In the new structural formulae of claim 1 the oxo groups have been omitted, for which 
no basis can be found. 

The amendment to claim 1 part e) also appears to have no basis since the range of 40- 
50 °C appears to relate only to the ethyl formate and methyl acetate solvates (see p.9). 

No basis can be found in the originally filed documents for the amendment to claim 9. 

This report has therefore been established as if the above amendments had not been 
made. 

Re: V 

1 . Cited Documents 

D1 = US-A-4 344 949 
D2 = US-A-4 761 479 
D3 = BE-A-0 892 552 

The written opinion referred to the above documents in the order they are given in the 
International Search Report. The numbering given above (which is retained) 
erroneously exchanged the first two documents, thus US-A-4 761 479 was referred to 
as D1 . The discrepancy appears to have been detected by the Applicant as evidenced 
by the comment regarding inventive step (To point g). 

2. Novelty 

The process of the application differs from that of: 

- D2 in that the second solvate may not be formed using acetonitrile. 

- D1 and D3 in that one solvate is converted into another solvate. 

The specific solvates of claims 18-22 are not disclosed in D1-D3. 



Form PCT/Separate Sheet/408 (Sheet 1 ) (EPO-April 1997) 



WRITTEN OPINION International application No. PCT/ES98/001 45 
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Novelty is therefore acknowledged. 
3. Inventive Step 

a. The closest prior art is given by D2 which discloses a similar process for the 
synthesis of compounds of formula (I) differing essentially only in the choice of solvents 
used to form the first and second solvates. 

b. The problem underlying the invention would appear to be one of providing an 
alternative process for the synthesis of the hydrochloride salt of quinapril which 
overcomes the drawbacks of the prior art processes (see p.4). 

c. The main drawback referred to regarding D2 is the use of the carcinogenic solvent 
acetonitrile. 

d. The proposed solution involves the formation of a solvate with a "solvent belonging 
to class 3, capable of forming a solvate of quinapril hydrochloride from which it is 
possible to eliminate said solvent by drying without degrading the quinapril 
hydrochloride". 

e. If the problem is one of avoiding the use of acetonitrile, then the solution, namely of 
not using acetonitrile, but using a different suitable solvent, is considered obvious and 
an inventive step cannot be acknowledged. The definition is further clearly a definition 
by the effect to be achieved. 

f. Regarding the comments of the Applicant's letter of 12.7.99 with respect to D2 (point 
1.3.1 part 2.) : The formation of the hydrochloride salt from the benzyl ester involving H 2 
and Pd/C cannot contribute to an inventive step, since this type of debenzylation is 
already known (e.g. from D1, Example 1). Further, the xylene solvate is isolated (see 
D2, column 4, line 20). 

g. Since it has not been shown that using toluene to form the first solvate as opposed to 
xylene, as in D2, is technically relevant or that using ethyl formate or methyl acetate as 
opposed to acetonitrile results in any surprising effect an inventive step cannot be 
acknowledged for the intermediates either. 
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Re: VIII 
1. Clarity 

a. The term "slightly greater" in claim 9 is unclear. Also, the phrasing "can be" has no 
limiting effect on the scope of the claim. There appears to be no indication in the 
description of precisely what is meant by the term. 

b. The term "hydrogenolysis" appears to be used to mean catalytic debenzylation in 
conjunction with hydrochloride salt formation. This is not immediately clear. 

c. The term "class 3 solvent" is not clear in and of itself. 
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(57) Abstract 

The process for obtaining quinapryl hydrochloride (I) comprises the following steps: a) hydrogenolysis of quinapril benzyl ester (II) 
by treatment in an alcoholic solvent, with hydrochloric acid or with a solution of hydrogen chloride in isopropanol and hydrogenation; 
b) removing the solvent; c) addition of toluen to precipitate the quinapryl hydrochloride, as toluen solvate; d) treating said solvate with a 
solvent of class 3 to form a solvate of quinapryl hydrochloride from which it can be dry-removed without degradation; and e) drying the 
solvate of step b) to yield (I). These solvates are useful to isolate and purify (I), an antihypertensive agent. 



(57) Resumen 

El procedimiento para obtener quinapril clorhidrato (I) comprende las etapas de: a) hidrogenolisis del 6ster bencflico del quinapril 
(H) por tratamiento en un disolvente alcoh61ico, con acido clorhfdrico o con una disoluci6n de cloruro de hidr6geno en isopropanol 
e hidrogenaci6n; b) retirada del disolvente; c) adici6n de tolueno para precipitar el quinapril clorhidrato como solvate de tolueno; d) 
tratamiento de dicho solvato con un disolvente de la Clase 3 que forma un solvato de quinapril clorhidrato del que se puede eliminar por 
secado sin degradarlo; y e) secado del solvato de la etapa d) para rendir (I). Estos solvatos son utiles para aislar y purificar (I), un agente 
antihipertensivo. 
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PROCEDIMIENTO PARA LA OBTENCION DE QUINAPRIL CLORHI DRATO 
Y SOLVATOS UTILES PARA EL AISLAMIENTO Y PURIFICACION DE 
QUINAPRIL CLORHI DRATO 

CAMPO DE LA INVENCION 

Esta invencion se refiere a un procedimiento para la 
obtencion de quinapril clorhidrato, asi como a nuevos 
solvates de quinapril clorhidrato, obtenidos mediante el 
empleo de disolventes de la Clase 3, de los que se puede 
eliminar el disolvente por secado sin degradacion del 
producto, utiles para el aislamiento y la purificacion del 
quinapril clorhidrato. El procedimiento puede ser 
desarrollado a escala industrial. 

ANTECEDENTES DE LA INVENCION 

Quinapril es la denominacion comun internacional del 
compuesto quimico de nombre acido (S) -2- [ (S) -N- [ (S) -1- 
et oxi-carbonil-3-fenilpropil]-L-alanil]-l, 2,3,4- 
tetrahidro-3-isoquinolin-carboxilico] . El quinapril y sus 
sales aceptables f armaceuticamente son agentes 
antihipertensivos que actuan como inhibidores de la enzima 
conversora de la angiotensina (ECA) . 

La primera descripcion del quinapril aparece en la 
patente norteamericana ns US 4.344.949 donde se describe 
ademas su preparacion a partir del ester etilico del acido 
(S,S) -q-[ (1-carboxietil) amino] fenilbutanoico y del ester 
bencilico o t-butilico del acido (S) -l, 2 , 3 , 4-tetrahidro-3- 
isoquinolin-carboxi lico por condensacion peptidica con 
diciclohexil-carbodiimida (DCC) y activacion con 
hidroxibenzotriazol. El ester bencilico o t-butllico del 
quinapril obtenido es desprotegido por hidrogenacion 
catalitica o por tratamiento con acido trif luoroacetico y 
el aislamiento final del quinapril se efectua (a escala de 
laboratorio) por precipitacion con eter etilico y por 
liof ilizacion de una solucion acuosa. El aislamiento del 
quinapril es muy delicado ya que este producto se degrada 
muy facilmente por ciclacion intramolecular para dar una 
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dicetopiperazina de formula 



10 



15 tanto en solucion organica o acuosa como en estado solido. 

El procedimiento descrito en dicha patente US 
4.344.949 presenta los inconvenientes propios del empleo 
de DCC, puesto que las condensaciones efectuadas en 
presencia de DCC rinden bastantes impurezas, con la 

20 consiguiente bajada de rendimiento (61%) , debe separarse 

la diciclohexilurea resultante, y, ademas, las 
carbodiimidas son las responsables de alergias muy 
fuertes. 

El quinapril clorhidrato es la sal habitualmente 
2 5 utilizada en la elaboracion de medicamentos que comprenden 

quinapril . 

La patente norteamericana ns us 4.761.479 menciona 
que la obtencion y purificacion del quinapril clorhidrato 
viene dificultada por su facil degradacion en 

30 subproductos, principalmente la dicetopiperazina antes 

mostrada. Dicha patente US 4.761.479 describe un 
procedimiento de obtencion de quinapril clorhidrato que 
comprende la desproteccion del ester t-butilico del 
quinapril con HC1 gas en acido acetico, el aislamiento del 

35 producto por precipitacion tras adicion de xileno y 

destilacion a vaclo, y la purificacion del quinapril 
clorhidrato por cristalizacion con acetonitrilo para dar 
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un solvato de acetonitrilo cristalino. El disolvente de 
dicho solvato puede elimmarse por secado en una estufa de 
vacio sin degradar el quinapril clorhidrato. Sin embargo, 
el acetonitrilo es un disolvente de la Clase 2, definidos 
por la ICH [International Conference on Harmonization of 
Technical Requirements for the Registration of 
Pharmaceuticals for Human Use] como "Carcinogenos no 
mutagenicos en animales o posibles causantes de otras 
toxicidades irreversibles tales como neurotoxicidad, 
teratogenesis o bien sospechosos de toxicidades 
reversibles signif icantes y, por tanto, su proporcion 
tiene que estar limitada". En el caso del acetonitrilo la 
ICH recomienda un limite no superior a las 250 ppm 
(0,025%). Este limite es dificil de conseguirse a escala 
industrial debido a la poca estabilidad del product©. 

La patente belga ne BE 892.552 describe otro 
procedimiento de preparacion. del quinapril clorhidrato a 
partir del acido (S,S)-a-[(l- 

carboxietil) amino] f enilbutanoico por activacion con 1,1'- 
carbonildiimidazol que rinde un N-carboxianhidrido que 
reacciona in situ, sin aislamiento previo, con el ester 
bencllico del acido (S) -1, 2 , 3 , 4-tetrahidro-3-isoquinolin- 
carboxllico para dar el correspondiente ester bencilico de 
quinapril con un rendimiento del 56%. El quinapril 
protegido como ester bencllico resultante se hidrogena a 
continuacion en presencia de Pd/C y se trata con acido 
clorhidrico para rendir el quinapril clorhidrato, que se 
purifica por cromatograf ia y liof ilizacion, con un 
rendimiento muy bajo (37%) . Esta via de sintesis tambien 
se menciona de forma generica en la patente espanola ES 
2.004.804 pero sin dar condiciones especificas, ni 
rendimientos, ni descripcion de propiedades de los 
productos obtenidos. En particular, no se ejemplifica la 
sintesis del quinapril clorhidrato. 

En general, todos los procedimientos descritos para 
la obtencion del quinapril clorhidrato se caracterizan por 
su dificultad o por sus bajos rendimientos. Solamente la 



WO 98/54149 



PCT/ES98/00145 



4 

patente US 4.761.479 describe un procedimiento para el 
aislamiento industrial, y su purificacion, del quinapril 
clorhidrato a partir del ester t-butilico del quinapril. 
Sin embargo, dicho procedimiento tiene el inconveniente de 
usar un disolvente carcinogeno (acetonitrilo) para obtener 
el solvato correspond iente. 

Por consiguiente, existe la necesidad de disponer de 
un procedimiento de obtencion y purificacion de quinapril 
clorhidrato, que pueda ser ejecutado a nivel industrial, 
que supere los inconvenientes previamente mencionados. 
Para obtener y purificar quinapril clorhidrato con un 
rendimiento elevado la invencion propone la precipitacion 
de dicho producto en forma de un solvato de tolueno. Por 
consiguiente, un objeto de esta invencion lo constituye un 
procedimiento para la obtencion de quinapril clorhidrato 
que comprende su aislamiento como solvato de tolueno. 

Por otra parte, los solvatos de quinapril 
clorhidrato, compuestos utiles para la purificacion de 
dicho producto, son, en general, productos de los que no 
se puede eliminar el disolvente por secado sin degradar 
parcialmente el quinapril clorhidrato. El unico solvato de 
quinapril clorhidrato conocido que puede ser secado sin 
que se degrade el producto es el solvato de acetonitrilo, 
pero dicho solvato se ha obtenido con un disolvente 
carcinogeno. Para superar estos inconvenientes la 
invencion proporciona unos solvatos de quinapril 
clorhidrato que pueden ser secados para eliminar el 
disolvente sin degradar el quinapril clorhidrato y que han 
sido obtenidos mediante el empleo de disolventes no 
carcinogenos ♦ Por consiguiente, un objeto adicional de 
esta invencion lo constituyen nuevos solvatos de 
disolventes pertenecientes a la Clase 3 de quinapril 
clorhidrato de los que puede eliminarse el disolvente por 
secado sin degradacion del quinapril clorhidrato. Los 
disolventes de la Clase 3 se definen, segun la ICH, como 
"Disolventes con bajo potencial toxico para el hombre, no 
siendo necesario establecer un limite de exposicion basado 
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en criterios de salud. Los disolventes de la Clase 3 
tienen una EDP (Exposicion Diaria Permitida) igual o 
superior a 50 mg poer dia". 

DESCRIPCION DETALLADA DE LA INVENCION 

La invencion proporciona un procedimiento para la 
obtencion de quinapril clorhidrato de formula (I) 




. HC1 



(I) 



que comprende las etapas de: 

a) hidrogenolisis del ester bencilico del quinapril 

(II) 




(II) 

donde Bz es el radical bencilo; 

b) retirada del disolvente utilizado en la etapa a) ; 

c) adicion de tolueno para precipitar el quinapril 
clorhidrato como solvato de tolueno; 

d) tratamienro del solvato de tolueno del quinapril 

HOJA DE SUSTITUCION (REGLA 26) 
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clorhidrato con un disolvente perteneciente a la Clase 3, 
capaz de formar un solvato de quinapril clorhidrato del 
que se puede eliminar dicho disolvente por secado en 
estufa sin degradar el quinapril clorhidrato; y 
5 e) secado del solvato obtenido en la etapa d) para 

rendir el quinapril clorhidrato (I). 

El ester bencilico del quinapril (II) es un producto 
conocido que puede obtenerse por cualquiera de los 
procedimientos descritos en las patentes US 4.344.949 y BE 

10 892.552, antes mencionadas asi como en las patentes EP 

135181 y EP 135182 donde se describe, de forma generica, 
la obtencion del quinapril protegido como ester bencilico 
a partir del acido (S,S)-a-[(l- 

carboxietil) amino] f enilbutanoico por activacion con 

15 anhidridos alquenof osf onicos . 

La reaccion de hidrogenolisis del ester bencilico del 
quinapril (II) se puede llevar a cabo en un disolvente 
alcoholico, tal como etanol o isopropanol, con acido 
clorhidrico concentrado o con una disolucion de cloruro de 

20 hidrogeno en isopropanol, hidrogenacion con hidrogeno gas 

a una presion comprendida entre aproximadamente 10 4 Pa (0,1 
bar) y aproximadamente 2 x 10 5 Pa (2 bar) , a una 
temperatura comprendida entre 10 y 402C, en presencia de 
un catalizador de hidrogenacion apropiado, por ejemplo, 

25 Pd/C. 

En una realizacion particular, la reaccion de 
hidrogenolisis se efectua utilizando etanol como 
disolvente, acido clorhidrico concentrado, una presion de 
10 5 Pa (l bar) y temperatura ambiente. En otra realizacion 

30 particular, la reaccion de hidrogenolisis se lleva a cabo 

utilizando isopropanol como disolvente, una disolucion de 
cloruro de hidrogeno en isopropanol, una presion de 2 x 10 5 
Pa (2 bar) y una temperatura de 3 0^c aproximadamente. 

•La relacion molar entre el ester bencilico del 

35 quinapril (II) y el acido clorhidrico puede ser igual o 

ligeramente superior a la estequiometrica, pref erentemente 
dicha relacion molar es estequiometrica ya que, en caso de 
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un gran defecto de acido clorhidrico el quinapril tiende 
a ciclarse para formar la dicetopiperazina antes mostrada, 
mientras que en caso de exceso de acido se produce una 
descomposicion del quinapril clorhidrato y del propio 
5 ester bencilico del quinapril. 

En general, el acido clorhidrico se anade a 
temperatura ambiente y la reaccion entre el acido 
clorhidrico y el ester bencilico del quinapril (II) es 
practicamente inmediata, del orden de minutos. 

10 Puesto que la disolucion del ester bencilico del 

quinapril clorhidrato en isopropanol es mas estable que la 
disolucion de la base libre y, por otra parte, teniendo en 
cuenta la inestabilidad del ester bencilico del quinapril 
(II) , la manera mas fiable de conservar ese producto 

15 durante cortos periodos de tiempo es manteniendolo como 

clorhidrato en disolucion de isopropanol. 

Una vez finalizada la hidrogenacion , se retira el 
catalizador, por ejemplo, por filtracion, y el disolvente 
utilizado, etanol o isopropanol, se retira, por ejemplo, 

20 por destilacion a vaclo, a una temperatura inferior a 

402C, pues a temperaturas superiores la ciclacion del 
producto para formar la dicetopiperazina es 
cuantitativamente mas importante, y se anade tolueno. 
Estas operaciones de retirada del disolvente y adicion de 

25 tolueno pueden repetirse un numero variable de veces. A 

continuacion, la masa de la reaccion se deja a temperatura 
ambiente para que precipite el quinapril clorhidrato en 
forma de solvato de tolueno. 

En una realizacion particular, para obtener el 

30 solvato de tolueno del quinapril clorhidrato a partir de 

la disolucion del crudo en el disolvente utilizado (etanol 
o isopropanol) , dicha disolucion se destila hasta un 
volumen determinado de aproximadamente 1,6 ml/g de ester 
bencilico de quinapril y entonces se anade una cantidad de 

35 tolueno de aproximadamente 2,25 ml de tolueno por gramo de 

ester bencilico de quinapril. Seguidamente se vuelve a 
destilar hasta el mismo volumen anterior y afiade la misma 
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cantidad de tolueno. Operando en estas condiciones, 
precipita el quinapril clorhidrato en forma de solvato de 
tolueno en un periodo de tiempo comprendido entre 20 y 60 
minutos. Siguiendo este procedimiento de precipitacion del 
solvato de tolueno, utilizando isopropanol como disolvente 
se obtiene un mayor rendimiento que utilizando etanol, lo 
que puede en gran parte ser debido a que el quinapril 
clorhidrato es mas soluble en etanol que en isopropanol. 

El solvato de tolueno de quinapril clorhidrato 
precipitado se filtra y se seca, obteniendose un 
rendimiento comprendido entre. el 85% y el 90% 
aproximadamente. Este solvato es un intermedio muy 
apropiado para la purificacion posterior del quinapril 
clorhidrato segun el procedimiento propuesto por esta 
invencion. Las caracteristicas espectroscopicas (IR, 1 H-RMN 
y 13 C-RMN) de este solvato de tolueno se recogen en el 
Ejemplo 2.1. Los intentos realizados para eliminar el 
tolueno por secado de dicho solvato sin degradar el 
quinapril clorhidrato resultaron inf ructuosos . 

A continuacion , el solvato de tolueno del quinapril 
clorhidrato se trata con un disolvente perteneciente a la 
Clase 3, es decir, no toxico, no carcinogeno, por ejemplo, 
formiato de etilo o acetato de metilo, a una temperatura 
comprendida entre 40^c y 452C, durante un periodo de 
tiempo comprendido entre 1 y 2 horas, y posteriormente se 
enfria a una temperatura comprendida entre 20SC y 25^0, 
durante un periodo de tiempo comprendido entre 1 y 2 
horas, para formar el correspondiente solvato bien de 
formiato de etilo o bien de acetato de metilo, que se 
filtra y se seca, con un rendimiento en cualquiera de los 
casos de aproximadamente el 95%, Estos solvatos se pueden 
secar en estufa, para eliminar el disolvente, sin degradar 
el quinapril clorhidrato. Estos solvatos son intermedios 
clave para la obtencion del quinapril clorhidrato de 
elevada pureza (99,8%) segun el procedimiento objeto de 
esta invencion. Las caracteristicas espectroscopicas (IR, 
^H-RMN y 13 C-RMN) y de difraccion de Rayos X de estos 
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solvatos se recogen en los Ejemplos 2.2 y 2.3. 

El secado de los solvatos de formiato de etilo o de 
acetato de metilo del quinapril clorhidrato asi obtenidos 
para rendir el quinapril clorhidrato se puede efectuar en 
estufa, por ejemplo en estufa de vaclo, a una temperatura 
comprendida entre 40 y 502C aproximadamente, durante un 
period© de tiempo comprendido entre 12 y 2 4 horas 
dependiendo de la cantidad de solvato a secar. El 
quinapril clorhidrato resultante, cuyas caracteristicas 
espectroscopicas (IR, ^-RMN y 13 C-RMN) , de rotacion optica 
y de difraccion de Rayos X se recogen en el Ejemplo 2.4 es 
un producto amorfo cuyo dif ractograma de Rayos X presenta 
pocos picos y con intensidad baja, por lo que a priori es 
un producto amorfo. 

La hidrogenacion del producto resultante tras la 
adicion del acido clorhidrico o la disolucion de cloruro 
de hidrogeno en isopropanol en la etapa a) se puede 
efectuar sin aislamiento previo del intermedio formado. 
Asimismo, la masa de reaccion resultante de la 
hidrogenolisis puede ser sometida a destilacion para 
retirar el disolvente utilizado en la etapa a) sin 
aislamiento del producto formado. 

En una realizacion particular y preferida de la 
invencion, el ester bencilico del quinapril se obtiene por 
condensacion del N-carboxianhidrido de la N-[1-(S)- 
etoxicarbonil-3-f enilpropil] -L-alanina y del ester 
bencilico del acido (S) -1 , 2 , 3 , 4-tetrahidro-3- 
isoquinolincarboxilico . El ester bencilico del quinapril 
(II) resultante, sin aislar, se somete al tratamiento 
previamente descrito. El N-carboxianhidrido puede 
obtenerse por el procedimiento descrito, por ejemplo, en 
la patente BE 892.552. 

Los siguientes ejemplos sirven para ilustrar formas 
particulares de realizacion del procedimiento objeto de la 
invencion sin que deban ser considerados como limitativos 
del alcance de la misma. Todos los analisis de difraccion 
de Rayos X estan hechos por el metodo del polvo cristalino 
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(X = 1,5419 A), las preparatories de las muestras se han 
hecho sobre un standar en seco. 

Material del anodo: cobre 

Longitud de onda, X 1 (A) = 1,54060 

Longitud de onda, X 2 (A) = 1,54439 

Angulo inicial (26a): 6,025 

Angulo final (292): 39,985 

Valor d inicial (A) = 14,65735 

Valor d final (A) = 2,25302 



EJEMPLO 1 

Prepar acion del ester bencilico del acido (S,S,S) 2-[2- 
f f 1- ( etoxicar boniH -3-f enilpropil ) amino 1 1-oxopropi 1 ) - 
1,2,3, 4-tetrah idro-3-isoauinolincarboxl lico fester 

15 bencilico del quinapril (Iin 

Se suspenden 51,3 g (0,12 moles) de para- 
toluensulfonato del ester bencilico del acido (S) -1,2, 3,4- 
tetrahidro-isoquinolin-3-carboxilico, en 150 ml de 
tolueno. Con agitacion, se anaden 200 ml de solucion de 

20 bicarbonato sodico al 10% y se agita la mezcla hasta 

disolucion total. Se decanta y se separa la fase organica 
que se vuelve a lavar con 100 ml de solucion al 10% de 
bicarbonato sodico, y a continuacion se seca con sulfato 
sodico y se filtra. A temperatura ambiente, se anaden 

25 sobre esta solucion toluenica 36,0 g (0,12 moles) del N- 

carboxianhidrido de la N- [ 1- (S) -etoxicarbonil-3- 
f enilpropil ]-L-alanina, disuelto en 75 ml de tolueno, en 
1 hora. La reaccion esta acabada al cabo de unas 4 horas 
tras la adicion de dicho N-carboxianhidrido . La fase 

30 toluenica se lava con solucion de hidroxido sodico al 5%, 

y luego agua, y se destila con vacio el disolvente hasta 
obtener un aceite, 62 g (Rendimiento : 98%) que es el ester 
bencilico del quinapril. 

Tras formar el maleato, este se caracteriza por: 

35 - HPLC: el producto es de una pureza del 99,3% 

- Valoracion: 100,2% 

- [a] D = -12,932 (2%, metanol) 
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- IR (KBr) (v, cm' 1 ): 3520, 3050, 2980, 1746, 1656, 1603, 
1455, 1347, 1211, 1010, 751, 697. 

Este compuesto en disolucion es una mezcla de dos 
rotameros. La distribucion de rotameros se observa en 
algunos casos en los espectros de resonancia magnetica 
nuclear (RMN) de proton y de carbono 13. 

1 H-RMN (CDC1 3 , 300 MHz) (£(ppm)): 10,40 (b. ancha, 
3H); 7,40-7,00 (m, 14 H) ; 6,29 (s, 2H) ; 5,43 (dd, J 1 = 3,9 
Hz, J 2 = 5,9 Hz, 1H) ; 5,02 (m, 2H) ; 4,60 (m, 2H) ; 4,44 (q, 
j l = j 2 = j 3 = 7,1 Hz, 1H); 4,23 (m, 2H) ; 3,77 (t^-J , 3,72 
(t, J, = 6,3 Hz, 1H) ; 3,45-3,05 (m, 2H) ; 2,85-2,65 (m, 2H) ; 
2,30-2,15 (m, 2H) ; 1,6 (d min , J,, = 6,8 Hz), 1,45 (d, Jj = 
6,9 Hz), 3H; 1,28 (t, J, = J 2 = 7,2 Hz, 3H) . 

13 C-RMN (CDC1 3 , 75 MHz) (5(ppm)): 170,4 (min) , 170,1, 
169,7 (min), 169,2 (min), 169,1, 139,6 (min), 139,5, 
135,3, 135,1 (min), 134,5, 131,8, 131,3 (min), 130,9 
(min), 130,7, 128,6, 128,5, 128,4, 128,3, 128,1, 128,0, 
127,9, 127,8, 127,7, 127,4, 127,3, 126,6, 126,5, 126,4, 
126,1, 67,9 (min), 67,2, 62,6, 62,4 (min), 59,5 (min), 
58,6, 54,7 (min), 54,5 (min), 53,5, 52,6, 45,2 , 44,5 
(min), 32,4 (min), 32,1, 31,3 (min), 31,2, 30,5, 16,8 
(min), 15,6, 14,0 (min), 13,9. 

EJEMPLO 2 

Preparacion del acido (S.S.S) 2- r 2- f ( 1- (etoxicarbonil) -3- 
f enil-prooil) amino 1 -1-oxopropil 1 -1 , 2 , 3 , 4 - 
tetrahidroisoauinolin-3-carboxilico clorhidrato (Quinapril 
clorhidrato (I) 1 

2.1 Solvato de tolueno del quinapril clorhidrato 
Se disuelven 62,0 g del ester bencilico del 
quinapril, obtenido segun el Ejemplo 1, con 400 ml de 
etanol y 10 ml de acido clorhidrico concentrado, se anaden 
3,1 g de catalizador de Pd/C al 5% (pasta) y se hidrogena 
a temper atura ambiente y presion de 10 s Pa (1 bar) durante 
3 horas. Finalizada la hidrogenacion , el catalizador se 
filtra, se destila con vacio la mayor parte del etanol y 
se anaden 150 ml de tolueno. A continuacion, se vuelve a 
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destilar con, vacio la mayor parte del disolvente y se 
afiaden otros 150 ml de tolueno. Poster iormente, se deja a 
temperatura ambiente, con lo que va precipitando un solido 
que se filtra y se seca a vacio a 40QC. Se obtuvieron 58,5 
5 g (Rendimiento: 88%) de un producto que corresponde al 

solvato de tolueno del quinapril clorhidrato. 

IR (KBr) (v, cm" 1 ): .3520, 3026, 3003, 2928, 2802, 
1755, 1742, 1711, 1646, 1558, 1538, 1495, 1455, 1203, 758, 
737 . 

10 Este compuesto en disolucion es una mezcla de dos 

rotameros. La distribucion de rot&meros se observa en 
algunos casos en los espectros de resonancia magnetica 
nuclear de proton y del carbono 13. 

'h-RMN (CDC1 3 , 300 MHz) ( 6 (ppm) ) : 7 , 20-7 , 00 (m, 14 H) ; 

15 5,15 (t ancho) , 4,97 (ancho min ) , 1H; 4, 82-4,45 (m, 3H) ; 

4,35-4,05 (m, 2H) ; 3,90 (t ancho, 1H) ; 3,42-3, 05 (m, 2H) ; 
2,90-2,62 (m, 2H) ; 2,42-2,20 (m, 2H) ; 2,38 (s, 3H) ; 1,68 
(d, J, = 6,2 HZ); 1,60 (d^ n , J v = 6,2 Hz), 3H; 1,28 (t Bin , 
J = J 2 , = 4,0 Hz); 1,22 (t, J 1 = J 2 = 4,0 Hz), 3H. 

20 13 C-RMN (CDC1 3 , 75 MHz) (5 (ppm)): 172,2, 171,4 (min) , 

169,2, 168,6, 168,2 (min), 168,0, 139,6 (min), 139,4, 
137,8, 132,2, 131,4, 131,3, 131,2, 129,0, 128,6, 128,4, 
128,2, 127,7, 127,1, 126,4, 126,3, 126,2, 125,2, 63,2 
(min), 62,9, 59,1 (min), 58,9, 54,9 (min), 54,6 (min), 

25 54,5, 53,1, 45,4, 44,1 (min), 31,9 (min), 31,4, 31,1, 

31,0, 30,1 (min), 21,4, 16,2 (min), 15,2, 14,0 (min), 
13,9. 

2.2 Solvato de formiato de etilo de quinapril 
30 clorhidrato 

Los 58,5 g de solvato de tolueno se agitan a 40-45SC 
con 234 ml de formiato de etilo durante 2 horas y luego se 
enfria a una temperatura comprendida entre 20 y 25QC 
durante dos horas mas. El producto resultante se filtra y 
35 se seca en estufa de vacio a una temperatura de 302C 

durante cuatro horas para obtener 54 g de solvato de 
formiato de etilo de quinapril clorhidrato (Rendimiento: 
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95%) . 

IR (KBr) (v, cm' 1 ): 3520, 3028, 3001, 2979, 2935, 
2857, 1744, 1718, 1648, 1546, 1495, 1462, 1454, 1432, 
1388, 1260, 1199, 756. 

Este compuesto en disolucion es una mezcla de dos 
rotameros. La distribucion de rotameros se observa en 
algunos casos en los espectros de resonancia magnetica 
nuclear de proton y del carbono 13. 

1 H-RMN (CDC1 3 , 300 MHz) (<J(ppm)): 10,00 (s ancho, 1H) , 
8,95 (s ancho, 1H) , 8,02 (s, 1H) ; 7,15 (m, 9H) ; 5,15 (J, = 
J 2 - 5,6 Hz), 4,95 (ancho min ) , 1H; 4 , 82-4 , 62 (m, 2H) ; 4,60- 
4,42 (m, 1H) ; 4,20 (q, J, = J 2 = J 3 = 7 , 0 Hz , 2H) ; 4,13 (q, 
J, = J 2 = J 3 = 7,0 Hz, 2H); 4,09-3,90 (m, 1H) ; 3,68 (q nin ) ; 
3,40-3 , 05 (m, 2H) ; 2, 97-2, 59 (m, 2H) ; 2,42-2,20 (m, 2H) ; 
1,67 (d, J v = 7,0 Hz), 1,56 (c^. n , J v = 7,0 Hz, 1H) , 1,30 
(t, J 1 - J 2 = 7,0 Hz), 1,18 (J 1 = J 2 = 7,0 Hz) , 3H. 

13 C-RMN (CDC1 3 , 75 MHz) (S(ppm)): 172,2, 171,3 (min) , 
169,2 (min), 168,6, 168,0, 161,0, 139,7 (min), 139,4, 
132,2, 131,4 (min), 131,3 (min), 131,2, 128,5 (min), 
128,4, 128,2, 127,2, 127,1, 126,3, 126,2, 126,1, 63,1 
(min), 62,9, 59,9, 59,1 (min), 58,9, 58,2 (min), 54,8 
(min) , 54, 6 (min) , 54 ,5, 53 , 1, 45,4 , 44, 1 (min), 31,8 
(min), 31,3, 3.1,1, 31,0, 30,8 (min), 30,1, 16,2 (min), 
15,2, 14,1, 14,0 (min) , 13,9. 



Difraccion de ravos X (polvo) 
Solvato de formiato de etilo de quinapril clorhidrato 
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10 



15 



20 



25 



30 



Anqulo (2QQ) Intensidad relativa m 

32,7 
23,3 
20,9 
16,5 
34,4 
12,5 
17,2 
27,4 
32,7 
10,4 
17,8 
24,6 
50,7 
33,2 
45,3 
36,6 
100, 0 
15,3 
30,1 
42,5 
14 ,5 
22,7 
10,6 
13,1 
15,6 
29,5 
14,5 
13,5 
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2.3 Solvato de acetato de metilo de quinapril 
clorhidrato 

Siguiendo un procedimiento similar al descrito en el 
Ejemplo 2.2 pero sustituyendo el formiato de etilo por 
35 acetato de metilo se obtuvo el correspondiente solvato de 

acetato de metilo de quinapril clorhidrato (Rendimiento : 
95%) que se caracteriza por los siguientes datos 
espectroscopicos . 

IR (KBr) (v, cm' 1 ): 3500, 3084, 3003, 2860, 1746, 
40 1735, 1706, 1648, 1545, 1495, 1455, 1259, 1196, 755. 

Este compuesto en disolucion es una mezcla de dos 
rotameros. La distribucion de rotameros se observa en 
algunos casos en los espectros de resonancia magnetica 
nuclear de proton y de carbono 13 . 
45 1 H-RMN (CDC1 3 , 300 MHz) (6 (ppm) ) : 10,10 (s ancho, 

1H) ; 9,10 (s ancho, 1H) ; 7,21-7,06 (m, 9H) ; 5,14 (t, J 1 = 
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J 2 = 5,6 Hz, 1H) ; 4,80-4,67 (m, 2H) ; 4,57 (m, 1H) ; 4,21- 
4,19 (m, 2H) ; 4,16-3,89 (m, 1H) ; 3,66 (s, 3H) ; 3,41-3,00 
(m, 2H) ; 2,72-2, 62 (m, 2H) ; 2,34-2,29 (m, 2H) ; 2,05 (s, 
3H); 1,67 (d, J, = 6,8 Hz), 1,57 ((J in , q « 6,8 Hz) , 3H; 
5 1,21 (t min , J, = ^ = 6,9 Hz); 1,17 (t, ^ = J ■ 6,9 Hz), 

3H. 

13 C-RMN (CDC1 3 , 75 MHz) (£(ppm)): 172,2; 171,5 (min) , 
169,2 (min), 168,6, 168,3 (min), 168,1, 139,6 (min), 
139,4, 132,2, 131,5 (min), 131,3 (min), 131,2, 128,6, 
10 128,5, 128,4, 128,3 (min), 127,8 (min), 127,2, 126,4, 

126,2 (min), 63,2 (min), 62,9, 58,9, 54,7 (min), 54,5, 
53, 2, 51,5, 45,4, 44,2 (min), 31,9 (min), 31,4, 31,1, 
30,2, 20,6, 16,1 (min), 15,5, 14,0 (min), 13,9. 
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Difraccidn de rayos 


X foolvcO 






□ Ul Vh UU \AC auCtaLU Uti IllcLliU Lie 


auinaDril 


clorhidrato 


5 




Intensidad Relativa (%) 




8,86 




26,0 




10,95 




26,0 




11,79 




19 , 2 




13,73 




45,9 


10 


16,18 




18 , 2 




16,57 




37,7 




16,87 




c n a 
oU , 4 




18,76 




IO C 

xo , o 




18,93 




18,6 


15 


19,59 




33,2 




20, 16 




81,9 




20,91 




19,2 




21,56 




30,7 




21,93 




100,0 


20 


22,18 




28,7 




23,22 




14,6 




23,65 




35,4 




24,62 




52,6 




27,17 




34,0 


25 


28,51 




16,6 




28,93 




22,9 




30,69 




21,6 




30,85 




14,0 



30 2.4 Quinapril clorhidrato 

Los solvatos de formiato de etilo o de acetato de 
metilo de quinapril clorhidrato obtenidos segun los 
Ejemplos 2,2 y 2,3 se pueden secar directamente en una 
estufa de vacio a una temperatura comprendida entre 40 y 

35 502C durante un periodo de tiempo comprendido entre 12 y 

14 horas, sin necesidad de aislarlos, para dar el 
quinapril clorhidrato que es un producto muy poco 
cristalino o amorfo, segun pone de manifiesto su 
dif ractograma de Rayos X. De los 54 g de solvato de 

40 formiato de etilo de quinapril clorhidrato se obtienen 46 

g de quinapril clorhidrato caracterizado por: 

- HPLC: 99,8% 

- [a]= + 15,92 (2%, metanol) 

- IR (KBr ) (v, cm" 1 ): 3415, 3059, 2982, 2936, 1740, 
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10 



15 



20 



25 



1651, 1541, 1497, 1473, 1455, 1443, 1386, 1379, 1207, 751, 
702. 

El quinapril clorhidrato en disolucion es una mezcla 
de dos rotameros. La distribucion de rotameros se observa 
en algunos casos en los espectros de resonancia magnetica 
nuclear de proton y de carbono 13. 

^-RMN (DMSO-d 6 , 300 MHz) (5(ppm)): 7,23 (m, 9H) ; 5,12 
(m, 1H) ; 4,9-4,4 (m, 3H) ; 4,19 (m, 2H) ; 3,91 (in), 3,79 
(n min ) , 1H; 3,3-3,1 (m, 2H) ; 2,77-2,61 (m, 2H) ; 2,20 (m, 
2H); 1,51 (d, J, = 6,4 Hz), 1,49 (<j- n , q = 5,1 Hz), 3H; 
1,22 (t Bin , J, = ^ = 7,3 HZ), 1,17 (t, q = ? = 7,3 Hz), 
3H. 

13 C-RMN (DMSO-d 6 , 75 MHz) (6 (ppm) ) : 171,5, 171,4, 
168,5, 140,2, 132,5, 132,4, 132,1 (min), 131,5 (min) , 
128,5, 128,4, 128,2, 128,1, 127,1, 126,7, 126,6, 126,3, 
126,1, 125,4, 62,2 (min), 62,0, 57,4 (min), 57,3, 53,9 
(min), 53,1 (min), 52,7, 52,0, 44,5, 43,6 (min), 31,3 
(min), 30,8, 30,6 (min), 30,4, 30,0, 21,1 (min), 16,2 
(min), 14,7, 13,9. 



Difraccion de Ravos X fpolvo) 
Quinapril clorhidrato 



Anqulo (269) 

11,18 
12,17 
17 ,38 
19,83 
28,34 



Intensidad relativa (%) 

31,9 
29, 4 
33,9 
37,9 
10, 0 
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REIVINDICACIONES 

1. Un procedimiento para la obtencion de quinapril 
clorhidrato de formula (I) 




.HC1 



(I) 

que comprende las etapas de: 

a) hidrogenolisis del ester bencilico del quinapril 

(ID 




(II ) 

donde Bz es el radical bencilo; 

b) retirada del disolvente utilizado en la etapa a) ; 

c) adicion de tolueno para precipitar el quinapril 
clorhidrato como solvato de tolueno; 

d) tratamiento del solvato de tolueno del quinapril 
clorhidrato con un disolvente perteneciente a la Clase 3 , 
capaz de formar un solvato de quinapril clorhidrato del 
que se puede eliminar dicho disolvente por secado en 
estufa sin degradar el quinapril clorhidrato; y 

e) secado del solvato obtenido en la etapa d) para 

HOJA DE SUSTITUCION (REGLA 26) 
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rendir el quinapril clorhidrato (I) . 

2. Un procedimiento segun la reivindicacion l, en el 
que la reaccion de hidrogenolisis del ester bencilico del 
quinapril (II) se lleva a cabo en un disolvente 
alcoholico, con tratamiento con acido clorhidrico 
concentrado o con una disolucion de cloruro de hidrogeno 
en isopropanol, e hidrogenacion con hidrogeno gas en 
presencia de un catalizador de hidrogenacion. 

3. Un procedimiento segun la reivindicacion 2, en el 
que dicho disolvente alcoholico se selecciona entre etanol 
e isopropanol. 

4. Un procedimiento segun la reivindicacion 2, en el 
que la hidrogenacion se efectua a una presion comprendida 
entre 10* Pa y 2 x 10 5 Pa. 

5. Un procedimiento segun la reivindicacion 2, en el 
que la hidrogenacion se efectua a una temperatura 
comprendida entre 10 y 40sc. 

6. Un procedimiento segun la reivindicacion 2, en el 
que el catalizador de hidrogenacion es Pd/C. 

7. Un procedimiento segun la reivindicacion 2, en el 
que la reaccion de hidrogenolisis del ester bencilico del 
quinapril (II) se lleva a cabo utilizando etanol como 
disolvente, acido clorhidrico concentrado, una presion de 
10 5 Pa (1 bar) y temperatura ambiente. 

8. Un procedimiento segun la reivindicacion 2, en el 
que la reaccion de hidrogenolisis del ester bencilico del 
quinapril (II) se lleva a cabo utilizando isopropanol como 
disolvente, una disolucion de cloruro de hidrogeno en 
isopropanol, una presion de 2 x 10 5 Pa (2 bar) y una 
temperatura de 3 0SC aproximadamente . 
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9. Un procedimiento segun la reivindicacion 2, en el 
que la relacion molar entre el ester bencllico del 
quinapril (II) y el acido clorhidrico es igual o 
ligeramente superior a la estequiometrica . 

10. Un procedimiento segun la reivindicacion 1, en el 
que la retirada del disolvente utilizado en la etapa a) se 
efectua por destilaci6n a vacio. 

11. Un procedimiento segun la reivindicacion 1, en el 
que el disolvente de la Clase 3 con el que se trata el 
solvato de tolueno del quinapril clorhidrato se selecciona 
entre formiato de etilo y acetato de metilo. 

12. Un procedimiento segun la reivindicacion 1, en el 
que el tratamiento con el disolvente de la Clase 3 del 
solvato de tolueno del quinapril clorhidrato se efectua a 
una temper atura comprendida entre 4 0 2C y 45sc, durante un 
periodo de tiempo comprendido entre 1 y 2 horas, y 
posterior enfriamiento a una temperatura comprendida entre 
20sc y 25SC, durante un periodo de tiempo comprendido 
entre 1 y 2 horas . 

13. Un procedimiento segun la reivindicacion 1, en el 
que el solvato del disolvente de la Clase 3 del quinapril 
clorhidrato se selecciona entre el solvato de formiato de 
etilo del quinapril clorhidrato y el solvato de acetato de 
metilo del quinapril clorhidrato. 

14. Un procedimiento segun la reivindicacion 1, en el 
que el solvato del disolvente de la Clase 3 del quinapril 
clorhidrato se seca en una estufa de vacio, a una 
temperatura comprendida entre 402C y 50QC durante un 
periodo de tiempo comprendido entre 12 y 14 horas. 

15. Un procedimiento segun la reivindicacion 1, en el 
que la hidrogenacion del producto resultante tras la 
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adicion del acido clorhldrico o del cloruro de hidrogeno 
al ester bencllico del quinapril (II) en la etapa a) se 
efectua sin aislamiento previo del intermedio formado. 

5 16. Un procedimiento segun la reivindicacion 1, en el 

que el ester bencllico del quinapril (II) se obtiene por 
condensacion del N-carboxianhidrido de la N- [ 1- (S) -etoxi- 
carbonil-3-f enilpropil] -L-alanina y del ester bencllico 
del acido (S) -1, 2 , 3 , 4-tetrahidro-3-isoquinolincarboxllico, 
10 seguido de hidrogenacion en medio acido. 

17. Un procedimiento segun la reivindicacion 16, en 
el que el ester bencllico del quinapril (II) obtenido se 
utiliza sin aislamiento previo. 

15 

18. Un solvato de tolueno de quinapril clorhidrato 
caracterizado porque su espectro de infrarrojo presenta 
los siguientes picos: 

IR (KBr) (v, cm" 1 ): 3520, 3026, 3003, 2928, 2802, 
20 1755, 1742, 1711, 1646, 1558, 1538, 1495, 1455, 1203, 758, 

737. 

19. Un solvato de formiato de etilo de quinapril 
clorhidrato caracterizado porque su dif ractograma de Rayos 

25 X presenta las siguientes caracteristicas : 



WO 98/54149 



PCT/ES98/00145 



Difraccion de rayos X fpolvo) 
Solvato de formiato de etilo de quinapril clorhidrato 







Anaulo (28Q 


) 


Intensidad relativa (%\ 






8 , 82 






32,7 


5 




10 , 88 






23,3 






11 , 47 






20,9 






12 , 05 






16 , 5 






13 , 63 






34 , 4 






15 , 89 






12 , 5 


10 




16 , 08 






17 , 2 






16, 48 






27,4 






16, 85 






32 , 7 






18 , 05 






10 , 4 






18 , 42 






17 , 8 


15 




18 , 68 






24 , 6 






19 , 52 






50,7 






19 , 75 






3 3,2 






20,11 






45,3 






21,20 






36,6 


20 




21,86 






100 , 0 






23,07 






15,3 






23,59 






o u t J- 






o a c n 
Z 4 , D U 






42,5 






26, 66 






14,5 


25 




27,16 






0 0 7 






27,45 






10,6 






28,34 






13,1 






28,71 






15, 6 






29,66 






29,5 


30 




30,56 






.14,5 






34,87 






13,5 




20. 


Un solvato 


de formiato 


de etilo 


de quinapril 




clorhidrato segun la reivindicacion 19, 


caracterizado 


35 


porque su 


espectro de 


inf rarrojos 


presenta 


los siguientes 



picos: 

IR (KBr) (v, cm" 1 ): 3520, 3028, 3001, 2979, 2935, 



2857, 1744, 1718, 1648, 1546, 1495, 1462, 1454, 1432, 
1388, 1260, 1199, 756. 

40 

21. Un solvato de acetato de metilo de quinapril 
clorhidrato caracterizado porque su dif ractograma de Rayos 
X presenta las siguientes caracteristicas : 
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Difraccion de ravos 


X (DOlVO) 






Solvato de acetato de metilo de 


auinanril 


clorhidrato 




Anaulo (262^ 


Intensidad Relativa f%} 




8,86 






5 


10,95 




o n 




11,79 




xy , c. 




13,73 








16,18 




Xo , Z 




16,57 




*7 *7 


10 


16,87 




fin a 




18,76 




Xo , O 




18,93 




1 Q C 
Xo , O 




19,59 




J J , Z 




20,16 




81 , 9 


15 


20,91 




19,2 




21,56 




30,7 




21,93 




100,0 




22,18 




28,7 




23 , 22 




14, 6 


20 


23,65 




35,4 




24,62 




52,6 




27,17 




34,0 




28,51 




16, 6 




28,93 




22,9 


25 


30,69 




21,6 




30,85 




14,0 



22. Un solvato de acetato de metilo de quinapril 
clorhidrato segun la reivindicacion 21, caracterizado 
3 0 porque su espectro de infrarrojos presenta los siguientes 

picos: 

IR (KBr) (v, cm" 1 ): 3500, 3084, 3003, 2860, 1746, 
1735, 1706, 1648, 1545, 1495, 1455, 1259, 1196, 755. 
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In addition to the differences found by the Examiner there exist also other 
essential ones as for example, the process of obtention of quinapril hydrochloride is 
completely different: 

- In Dl the condensation occurs between two esters whereas in the present 
application the condensation occurs between an ester and the N- 
carboxyanhydride of N-[l-(S)-ethoxcarbonyl-3-phenylpropyl]-L-alanine; 

- The condensation in Dl occurs in the presence of DCC and benzotriazole, 
whereas in the current application it occurs with the two compounds jus! 
dissolved in toluene; 

- in Dl, by the debenzylation stage of the quinapril benzyl ester, after filtering the 
catalyst, an amount of ether equivalent to ten volumes of the solution is added, 
whereas in the current application the solution is concentrated under vacuum 
and finally 

- during the mentioned debenzylation stage, in Dl after the ether addition the 
product precipitates, whereas in the present application toluene is added, further 
the treatment with a class 3 solvent is carried out and the obtained solvate is 
dried. 

According to the foregoing it is clearl that both processes are different and 
furthermore it is noteworthy to make a comment to section 3.a of the written 
opinion, which is also related to Dl: Dl does not disclose a process similar to that of 
the application in course, such as it was established trhough the preceding 
paragraphs, and therefore both processes are different not only because of the 
different solvents used, but also because of the use of different starting materials, 
different reaction conditions, and different products - as they are the toluene 
solvate, the ethyl formate solvate and the methyl acetate solvate -. 

1.3. Object of IJS-4.761.479 (F>2) 

This patent refers to a new crystalline form of quinapril and to a new preparation 
process in large scale of quinapril as quinapril hydrochloride. D2 does not refer to the 
reactions previous to the formation of the hydrochloride, i.e, it is not an object of D2 to 
modify the synthesis of a quinapril diester, which is the starting compound of the 
claimed process. The process to obtain the crystalline quinapril hydrochloride 
comprises: 

a) to solve and stir a quinapril diester into a reagent as HC1 gas in glacial acetic 
acid (or trifluoroacetic acid, or methylene chloride), 

b) to dilute the mixture with xylene and keep it under vaccum to obtain a solid, 

c) to solve in acetonitrile, 

d) to seed the solution and cool it, 

e) to collect and dry the product at 25°C under vacuum between 1 and 24 hours 
to obtain the crystalline product and 

f) to additionally dry under vacuum between 50°C and 60°C during 1-16 hours 
to obtain a product free of acetonitrile. 

The preferred conditions for step a) include the use of HC1 gas into glacial acetic 
acid with a reaction period of 6 hours and the preferred diester used is the 1,1-(S,S,S) 
dimethylester of quinapril. In step c) the preferred solvent used is acetonitrile at a 
temperature between 25 and 50°C; and for step (e) the drying occurs between 25°C and 

This patent claims the crystalline quinapril hydrochloride and a process to. obtain 
it, including the steps mentioned above, and there is a specific claim related to the use of 
acetonitrile in step c). 
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1.3.1. Co mparative study of D2 and the present application 
There are essential differences between both documents: 

1. Concerning the object of the invention: the object of the present application is to 
avoid the use of acetonitrile and the use of DCC and the object of D2 is to obtain a 
pure crystalline form and acetonitrile is even a preferred solvent for step (c) of the 
process, and 

2. Concerning the process: the following important features inherent to D2 have no 
equivalent in the present application: a) D2 does not include a hydrogenolysis 
reaction with Pd/ C, b) xylene is used instead of toluene and a xylene solvent is not 
isolated (what would correspond to the toluene solvate obtained in the present 
application). 

According to the foregoing it is evident that both documents have different 
objectives and these are obtained through different means. The use of xylene instead of 
toluene does not deprive the present application of inventive height as the main object of 
D2 is not to prepare a xylene solvate; but a new crystalline form of quinapril 
hydrochloride. Furthermore, xylene behaves quite differently from toluene. 

1.4. Object of BE-892552-A (D3) 

BE-892552-A published on 20 September 1982 and cited in the present application 
as prior art, refers to new amido-amino acids, pharmaceutical compositions containing 
the same and to their preparation process. 

The amido-amino acids are prepared according to different reaction types, among 
them, the formation reaction of an amide from an aminated compound containing the 
isoquinoline fragment of the final product and an acylating derivative of the acid 
containing the amino acid fragment of the final product. For the concrete case of 
quinapril this route involves the reaction of the N-carboxy anhydride (obtained from 
the (S,S)-a-[(l-ethoxycarbonyl)-amino]phenylbutanoic acid with the (S)-l,2,3,4- 
tetrahydroisoquinoline-3-carboxylic acid benzyl ester. The quinapril benzyl ester is 
hydrogenated with Pd/C and treated with HC1 to yield the hydrochloride, which is 
purified through cromatography and lyophilization. 

Example l.C describes the formation of the 2-L-alanil-l,2,3,4- 
tetrahydroisoquinoline-3-carboxylic acid by addition of saturated hydrobromic acid 
into acetic acid. 

Example 1.8.B of D3 describes the formation of quinapril hydrochloride and 1.8.A 
describes the formation of the quinapril benzyl ester ((S,S,S) isomer). 

The quinapril hydrochloride, which obtention process is claimed, is one of the 
compounds included in D3 claims. The claims also cover the general process of 
obtention of the amido-amino acids, which includes the reaction mentioned above. 

1.4.1. Co mparative study of D3 and the present application 

Further to the assertion of novelty made by the Examiner in connection with D3, the 
following arguments are added: 

Both documents describe the obtention of the quinapril benzyl ester through the 
condensation of an N-carboxyanhydride of N-[l-(S)-ethoxycarbonyI-3-phenylpropyl]- 
L-alanine with a salt of the (S)-l,2,3,4-tetrahydroisoquinoline carboxylic acid benzyl 
ester; but following a different procedure: 
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1. in D3, the N-carboxyanhydride is not isolated, whereas it is used as a solid in 
the present application, 

2. D3 starts with the (S)-l,2,3,4-tetrahydroisoquinoline carboxylic acid 
monotartrate benzyl ester, whereas in the present application it is started with 
the p-toluensulfonate, 

3. In D3 there is a THF solution at 0°C, over which the benzyl ester is added; 
whereas in the current application one has a toluene solution of the N- 
carboxyanhydride at room temperature, 

4. In D3 the reaction lasts overnight; whereas in the present application it lasts 4 
hours and 

5. In D3 the yield of the desired amide is 56%; whereas in the present application 
the yield of the quinapril benzyl ester is of 98 %. 

Although in claim 13 of D3 the obtention of the quinapril benzyl ester and the 
quinapril hydrochloride are included in a general mode, it is evident that 
according to what is disclosed in the specification and examples the processes are 
different, and that the process described by the current application and illustrated 
through examples 1 and 2, is not claimed in D3. Furthermore, the current 
application does not claim the formation of the benzyl ester, but only that of the 
hydrochloride. 

Example 18.B of document D3 and the example of the present application for 
the formation of the quinapril hydrochloride only coincide in the use of the 
hydrogenolysis catalyst, which is Pd/C. Moreover, the following differences can 
be established: 
In the current application: 

- the quinapril benzyl ester is treated with alcohol and hydrochloric acid, 

- the Pd/C catalyst is added and the hydrogenation occurs at 10* Pa and room 
temperature, 

- the alcohol is distilled off and toluene is added (twice), 

- a solid precipitates which is the toluene solvate, which is treated with a class 3 
solvent and then dried under vacuum at 40 °C; 

In example 18.B of D3: 

- ethanol is added to the benzyl carboxylate, 

- Pd/ C catalyst is added and the hydrogenation is carried out, 

- filtration under vacuum is carried out, 

- concentrated HC1 and ether are added and 

- lyophilization and washing with ether of the obtained hydrochloride powder 
are performed. 

Therefore it is obvious that both processes have no common features with the 
exception of the use of Pd/C. 



2. Comments on the inventive step (Part 3 of the written opinion) 
To point a: point a was already commented in the foregoing section 

To point b: the problem to which the present application is faced, is not only to avoid 
the use ot acetonitrile, but also the use of DCC as a condensation agent and the solution 
of problems derived from the use of DCC, and therefore it is not true that the 
disclosure of a process free of acetonitrile as that of Dl deprives the present application 
of inventive; since this application solves different problems, and such problems are in 
addition solved through a different process and through the obtention of new products 
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To points c and d: these points were commented jointly with point b. The problem 
underlying the invention is not only to avoid acetonitrile and therefore the solution is 
not obvious. (See also comments to point e below). 

To point e: It is not true that comparable data showing the advantages of the quinapril 
hydrochloride prepared according to the process disclosed in the present application 
over others pertaining to the state of the art do not exist, as it is evident that with the 
absence not only of acetonitrile but also DCC an important improvement is achieved 
with the possibility of obtaining quinapril in industrial scale avoiding purification 
problems inherent to the ureas removal for example. Moreover, there exist quantitative 
data of the yield obtained which are directly comparable: for example, in the 
preparation of the quinapril benzyl ester, in example 1 of the present application a 
yield of 98 % is achievedand the maleate is obtained with a purity of 99.3 %, whereas in 
Dl, a yield of 61 % is obtained, which is supposed to be the yield of the benzyl ester 
and which as clearly much lower than the yield of the present application, as the 
maleate will supposedly be obtained with a quantitative yield in both cases. It should 
be also stressed that the toluene solvate is obtained with a 88 % yield and the methyl 
acetate as well as the ethyl formate are both obtained with a yield of 95 %. Another 
important aspect is that in the present application it is not necessary to isolate the 
quinapril benzyl ester. In preceding sections (in particular 1.4.1.) of this document 
there are as well directly comparable data about temperatures and reaction (or drying) 
time periods which are doubtless directly comparable data which show the advantages 
of the current invention. Therefore there exist quantitative comparable data which 
confirm the advantages of the present application. 

To point f : not only the choice of solvents produces a new effect which is the possibility 
of obtaining quinapril hydrochloride with a purity of 99.8 % the possibility of 
obtaininsg quinapril hydrochloride dry and wihout degradation, objective that had not 
been achieved with other quinapril hydrochloride solvates; but also the obtention 
process of quinapril hydrochloride has been improved through the absence of DCC in 
the condensation reaction. Therefore, is obvious that the solvates obtained in the 
present application are new, and that their obtention process involves inventive height 

To point g: it is not true that xylene is used in Dl, but in D2. Furthermore, a xylene 
solvate is not described, and therefore, the behaviour of the supposed xylene solvate 
may not be extrapolated to the toluene solvate obtained in the present application. 

To point h: the surprising effect achieved by the use of toluene has been commented in 
the preceding point f, and it consists of obtaining an appropriate intermediate for the 
ulterior purification of quinapril hydrochloride without the decomposition risk. To this 
purpose ethyl formate or methyl acetate are added producing thereby a solvent 
exchange and the new solvate obtained can be dried in the oven yielding the quinapril 
hydrochloride with a 99.8 % of purity. Xylene, which boiling point lies between 138°C 
and 144°C, depending on the isomer, would be more difficult to remove through 
whatever drying process. Furthermore, the drying temperature is carefully selected 
due to the danger of formation of the diketopiperazine derived from quinapril and 
therefore the selection of toluene is essential for the success of the process. On the other 
side, it is a question of common sense that a skilled person will preferrably use toluene 
over xylene because of the simple argument based on the poiling point difference, as 
toluene boiling point is almost 30°C below that of xylene. 

It may be concluded that from the teachings of Dl, D2 and D3 the object of the 
present invention can not be achieved, as the manner according to which the quinapril 
benzyl ester is prepared is different from that disclosed in Dl and D3. Furthermore, D2 
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does not make any contribution to the preparation of said compound. The differences in 
the obtention of quinapril hydrochloride are substantial with respect to the three patents 
quoted. It may not be concluded that from the fact that D2 uses xylene, it results obvious 
that by using toluene a solvate will be produced with the characteristics of that obtained 
in the present application, and furthermore, the xylene solvate has not been 
characterized in D2. Moreover xylene, even being of similar structure than toluene, 
behaves quite differently, for example the boiling point is substantially higher, and 
therefore the supposed xylene solvate has not necessarily to be similar (and will not 
behave similarly) to the toluene solvate. 

Neither may be concluded that from the use of a condensation reaction between 
similar starting products - as in D3 and the present application- , and combining the use 
of said reaction with the use of toluene instead of xylene (according to D2) the object of 
the current application will be achieved without inventive activity. 



3. Claims amendments (Part 4 of the written opinion) 

To first and second paraeraphs: claim 1, according to the Examiner's opinion will be 
modified to include the drying conditions and the treatment of the sample previous 
to the hydrogenolysis step. 
Therefore the new draft of step e) will be: 

"e): drying the solvate obtained in step d) at a temperature between 40 and 50 °C". 
And step a) will be drafted as follows: 

"a) treatment of the quinapril ester (II) where Bz is the benzyl radical with alcohol and 
hydrochloric acid or hydrogen chloride and hydrogenation of same through the addition of an 
appropriate hydrogenation catalyst". 
To the third paragraph: In our opinion it is not necessary to delete claim 9; but a more 
precise datum of the stoichiometric relationship will be given; therefore according to 
the Examiner's opinion it is modified, so that the new draft is: "...is equal or greater in a 
proportion of 1.1 (benzyl ester of quinapril (II)) to 1 (hydrochloric acid) with respect to the 
stoichiometric one". 
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Re: I 

In the new structural formulae of claim 1 the oxo groups have been omitted, for which 
no basis can be found. 

The amendment to claim 1 part e) also appears to have no basis since the range of 40- 
50 °C appears to relate only to the ethyl formate and methyl acetate solvates (see p.9). 

No basis can be found in the originally filed documents for the amendment to claim 9. 

This report has therefore been established as if the above amendments had not been 
made. 

Re: V 

1. Cited Documents 

D1 = US-A-4 344 949 
D2 = US-A-4 761 479 
D3 = BE-A-0 892 552 

The written opinion referred to the above documents in the order they are given in the 
International Search Report. The numbering given above (which is retained) 
erroneously exchanged the first two documents, thus US-A-4 761 479 was referred to 
as D1. The discrepancy appears to have been detected by the Applicant as evidenced 
by the comment regarding inventive step (To point g). 

2. Novelty 

The process of the application differs from that of: 

- D2 in that the second solvate may not be formed using acetonitrile. 

- D1 and D3 in that one solvate is converted into another solvate. 

The specific solvates of claims 18-22 are not disclosed in D1-D3. 
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Novelty is therefore acknowledged. 
3. Inventive Step 

a. The closest prior art is given by D2 which discloses a similar process for the 
synthesis of compounds of formula (I) differing essentially only in the choice of solvents 
used to form the first and second solvates. 

b. The problem underlying the invention would appear to be one of providing an 
alternative process for the synthesis of the hydrochloride salt of quinapril which 
overcomes the drawbacks of the prior art processes (see p.4). 

c. The main drawback referred to regarding D2 is the use of the carcinogenic solvent 
acetonitrile. 

d. The proposed solution involves the formation of a solvate with a "solvent belonging 
to class 3, capable of forming a solvate of quinapril hydrochloride from which it is 
possible to eliminate said solvent by drying without degrading the quinapril 
hydrochloride". 

e. If the problem is one of avoiding the use of acetonitrile, then the solution, namely of 
not using acetonitrile, but using a different suitable solvent, is considered obvious and 
an inventive step cannot be acknowledged. The definition is further clearly a definition 
by the effect to be achieved. 

f. Regarding the comments of the Applicant's letter of 12.7.99 with respect to D2 (point 
1.3.1 part 2.) : The formation of the hydrochloride salt from the benzyl ester involving H 2 
and Pd/C cannot contribute to an inventive step, since this type of debenzylation is 
already known (e.g. from D1, Example 1). Further, the xylene solvate is isolated (see 
D2, column 4, line 20). 

g. Since it has not been shown that using toluene to form the first solvate as opposed to 
xylene, as in D2, is technically relevant or that using ethyl formate or methyl acetate as 
opposed to acetonitrile results in any surprising effect an inventive step cannot be 
acknowledged for the intermediates either. 
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Re: VIII 
1. Clarity 

a. The term "slightly greater" in claim 9 is unclear. Also, the phrasing "can be" has no 
limiting effect on the scope of the claim. There appears to be no indication in the 
description of precisely what is meant by the term. 

b. The term "hydrogenolysis" appears to be used to mean catalytic debenzylation in 
conjunction with hydrochloride salt formation. This is not immediately clear. 

c. The term "class 3 solvent" is not clear in and of itself. 
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CLAIMS 

1 . A process for obtaining quinapril hydrochloride of formula (I) 



CO„Et CH. 




.HC1 



(I) 

which comprises the stages of: 
'5 a) treatment of the benzyl ester of quinapril (II) 




(ID 

10 

where Bz is the benzyl radical, with alcohol and hydrochloric acid or hydrogen 
. chloride and hydrogenation of same through the addition of an appropriate 
hydrogenation catalyst; 

b) removal of the solvent used in step a); 
15 c) addition of toluene to precipitate the quinapril hydrochloride as a 

toluene solvate; 
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d) treatment of the toluene solvate of quinapril hydrochloride with a 
solvent belonging to class 3, capable of forming a solvate of quinapril 
hydrochloride from which it is possible to eliminate said solvent by drying in an 
oven without degrading the quinapril hydrochloride; and 
5 e) drying of the solvate obtained in step d) at a temperature between 40°C 

and 50°C to yield quinapril hydrochloride (I). 

2. A process according to claim 1 wherein the hydrogenolysis reaction of 
the benzyl ester of quinapril (II) is carried out in a alcoholic solvent, with 

10 treatment with concentrated hydrochloric acid or with a solution of hydrogen 
chloride in isopropanol, and hydrogenation with hydrogen gas in the presence of a 
hydrogenation catalyst. 

3. A process according to claim 2, wherein said alcoholic solvent is chosen 
15 from between ethanol or isopropanol. * 

4. A process according to claim 2, wherein the hydrogenation is carried 
out at a pressure comprised 1 0 4 Pa and 2^rT0 :> Pa. 

20 5. A process according to claim 2, wherein the hydrogenation is carried 

out at a temperature comprised 10 and 40°C. 

6. A process according to claim 2, wherein the hydrogenation catalyst is 
Pd/C. ^ 

25 

7. A process according to claim 2, wherein the hydrogenolysis reaction of 
the benzyl ester of quinapril (II) is carried out using ethanol as a solvent, 

\. concentrated hydrochloric acid, a pressure of 1 x 10 s Pa (1 bar) and room 
temperature. 

30 

8. A process according to claim 27"Wherein the hydrogenolysis reaction of 
the benzyl ester of quinapril (II) is carried out using isopropanol as a solvent, a 
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solution of hydrogen chloride in isopropanol, a pressure of 2 x 10 s Pa (1 bar) and 
a temperature of approximately 30 °C. 

9. A process according to claim 2 wherein the molar ratio between the 
benzyl ester of quinapril (II) and the hydrochloric acid can be equal or greater in a 
proportion of 1.1 (benzyl ester of quinapril (II)) to 1 (hydrochloric acid) with 
respect to stoichiometric one. 

10. A process according to claim 1, wherein the removal of the solvent 
used in stage a) is carried out by vacuum-distillation. 

11. A process according to claim^wherein the Class 3 solvent used to 
treat the toluene solvate of quinapril hydrochloride is chosen from among ethyl 
formate and methyl acetate. 

12. A process according to claim 1, wherein the treatment of the toluene 
solvate of quinapril hydrochloride withlhTdass 3 solvent is carried out at a 
temperature comprised between 40°C and 45°C, for a period of time comprised 
between 1 and 2 hours, and is subsequently cooled down to a temperatue 
comprised between 20 °C and 25 °C, for a period of time comprised between 1 
and 2 hours. 



13. A process according to claim 1, wherein the Class 3 solvent solvate of 
quinapril hydrochloride is chosen frorrTirnong ethyl formate solvate of quinapril 

25 hydrochloride and the methyl acetate solvate of quinapril hydrochloride. 

4 

14. A process according to claim 1, wherein the Class 3 solvent solvate of 
•..quinapril hydrochloride is dried in a vacuum oven , at a temperature comprised 

between 40 and 50 °C for a period of time comprised between 12 and 24 hours. 
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CLAIMS 
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1 . A process for obtaining quinapril hydrochloride of 
formula (I) 



CO 2 E t CH 3 




HC1 



(i) 

which comprises the stages of: 

a) hydrogenolysis of the benzyl ester of quinapril 
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where Bz is the benzyl radical; 

b) removal of the solvent used in step a) ; 

O addition of toluene to precipitate the quinapril 
hydrochloride as a toluene solvate; 

d) treatment of the toluene solvate of quinapril 
hydrochloride with a solvent belonging to Class 3, capable 
of forming a solvate of quinapril hydrochloride from which 
it is possible to eliminate said solvent by drying in an 
oven without degrading the quinapril hydrochloride; and 



e) drying of the solvate obtained in step d) to yield 
quinapril hydrochloride (I) . 

2 . A process according to claim 1 wherein the 
hydrogenolysis reaction of the benzyl ester of quinapril 
(II) is carried out in an alcoholic solvent, with treatment 
with concentrated hydrochloric acid or with a solution of 
hydrogen chloride in isopropanol, and hydrogenation with 
hydrogen gas in the presence of a hydrogenation catalyst. 

3. A process according to claim 2, wherein said 
alcoholic solvent is chosen from between ethanol or 
isopropanol . 

4. A process according to claim 2, wherein the 
hydrogenation is carried out at a pressure comprised 
between 10 4 Pa and 2 x 10 s Pa. 

5. A process according to claim 2, wherein the 
hydrogenation is carried out at a temperature comprised 
between 10 and 40 °C. 

6. A process according to claim 2, wherein the 
hydrogenation catalyst is Pd/C. 

7. A process according to claim 2, wherein the 
hydrogenolysis reaction of the benzyl ester of quinapril 
(II) is carried out using ethanol as a solvent, 
concentrated hydrochloric acid, a pressure of 10 5 Pa (l 
bar) and room temperature. 

8. A process according to claim 2, wherein the 
hydrogenolysis reaction of the benzyl ester of quinapril 
(II) is carried out using isopropanol as a solvent, a 
solution of hydrogen chloride in isopropanol, a pressure of 
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2 x 10 5 Pa (2 bar) and a temperature of approximately 30 
°C. 

9. A process according to claim 2, wherein the molar 
5 ratio between the benzyl ester of quinapril (II) and the 

hydrochloric acid can be equal or slightly greater to the 
stoichiometric one . 

10. A process according to claim 1, wherein the 
10 removal of the solvent used in stage a) is carried out by 

vacuum- distillation . 

11. A process according to claim 1, wherein the Class 

3 solvent used to treat the toluene solvate of quinapril 
15 hydrochloride is chosen from among ethyl formate and methyl 

acetate . 

12. A process according to claim 1, wherein the 
treatment of the toluene solvate of quinapril hydrochloride 

20 with the Class 3 solvent is carried out at a temperature 

comprised between 40 °C and 45 °C, for a period of time 
comprised between 1 and 2 hours, and is subsequently cooled 
down to a temperature comprised between 2 0 °C and 2 5 °C, 
for a period of time comprised between 1 and 2 hours. 
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13. A process according to claim 1, wherein the Class 
3 solvent solvate of quinapril hydrochloride is chosen from 
among ethyl formate solvate of quinapril hydrochloride and 
the methyl acetate solvate of quinapril hydrochloride. 

14. A process according to claim 1, wherein the Class 
3 solvent solvate of quinapril hydrochloride is dried in a 
vacuum oven, at a temperature comprised between 4 0 and 50 
°C, for a period of time comprised between 12 and 24 hours. 



35 



22 



15. A process according to claim 1, wherein the 
hydrogenation of the product resulting after the addition 
of hydrochloric acid or hydrogen chloride to the benzyl 
ester of quinapril (II) in stage a) , is carried out without 
prior isolation of the intermediate formed. 

16. A process according to claim 1, wherein the benzyl 
ester of quinapril (II) is obtained by condensation of the 
N-carboxyanhydride of N- [1- (S) -ethoxycarbonyl -3- 
phenylpropyl] - L-alanine and of the benzyl ester of (S) - 
1,2,3,4- tetrahydro -3- isoquinolinecarboxylic acid, 
followed by hydrogenation in an acid medium. 

17. A process according to claim 16, wherein the 
benzyl ester of quinapril (II) obtained is used without 
prior isolation. 

18. A toluene solvate of quinapril hydrochloride 
characterised in that its infrared spectrum presents the 
following peaks: 

IR (KBr) {v, cm' 1 ) : 3520, 3026, 3003, 2928, 2802, 
1755, 1742, 1711, 1646, 1558, 1538, 1495, 1455, 1203, 758, 
737. 

19. An ethyl formate solvate of quinapril 
hydrochloride characterised in that its X-ray diffraction 
pattern presents the following characteristics: 

X-Rav Diffraction (powder) 
Ethyl formate solvate of quinapril hydrochloride 



Ancrle (20°) 



Relative intensity (%) 
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23, 3 
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20. An ethyl formate solvate of quinapril 
hydrochloride according to claim 19, characterised in that 
30 its infrared spectrum presents the following peaks: 

IR (KBr) (v, cm" 1 ) : 3520, 3028, 3001, 2979, 2935, 
2857, 1744, 1718, 1648, 1546, 1495, 1462, 1454, 1432, 1388, 
1260, 1199, 756. 
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21. A methyl acetate solvate of quinapril 
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hydrochloride characterised in that its X-ray diffraction 
pattern presents the following characteristics: 

X-Ray Diffraction (powder) 
Methyl acetate solvate of quinapril hydrochloride 

Angle 120°) Relative intensity (%) 





8,86 
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18, 2 




16, 57 






37,7 




16, 87 






60,4 


15 


18, 76 
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22. A methyl 


acetate 


solvate 


of qu: 



hydrochloride according to claim 21, characterised in that 
its infrared spectrum presents the following peaks: 

IR (KBr) (v, cm' 1 ) : 3500, 3084, 3003, 2860, 1746, 
35 1735, 1706, 1648, 1545, 1495, 1455, 1259, 1196, 755. 



